What is already known on this topic? {#s1a}
====================================

Several studies have demonstrated that intrahepatic cholestasis of pregnancy is associated with fetal growth, but the results are inconsistent.

 {#s2}

What this study adds? {#s2b}
---------------------

Neonatal birth weights of intrahepatic cholestasis of pregnancy infants were lower than that of normal pregnancies. Furthermore, early-onset intrahepatic cholestasis of pregnancy is associated with a lower birth weight than late-onset intrahepatic cholestasis of pregnancy.

Introduction {#s3}
============

Intrahepatic cholestasis of pregnancy (ICP) is a pregnancy-specific liver disease that usually occurs during the late second or third trimesters of pregnancy. The clinical characteristics of ICP are unexplained maternal pruritus, altered liver function and increased fasting serum bile acids (\>10 mmol/L) in previously healthy pregnant women ([@ref1],[@ref2]). There are differences in its prevalence in different regions and countries. It occurs in approximately 0.1% to 1.5% of pregnancies in Europe and the United States ([@ref3],[@ref4]), while its prevalence ranges from 11.8% to 27.6% in Chile and Bolivia, varying by ethnic origin ([@ref5],[@ref6]). Currently, the etiology of this condition is not fully understood and it is estimated that racial, genetic, hormonal, nutritional and environmental factors play a role ([@ref7]). Although ICP is a benign disease, it can lead to increased fetal morbidity and mortality, particularly with regard to neonatal respiratory Distress syndrome, preterm delivery, fetal distress and sudden intrauterine fetal death ([@ref8]). Several studies have demonstrated an association between ICP and fetal growth, but the results are inconsistent. A large, population-based cohort study reported a significant increase in the incidence of large for gestational age (LGA) infants in pregnancies complicated by ICP even after controlling for diabetes and preeclampsia ([@ref9]). Martineau et al ([@ref10]) also reported that ICP was associated with increased fetal growth. However, a study from Turkey found that ICP may lead to low birth weight ([@ref11]) and a similar result was reported in another study ([@ref12]). To further investigate the possible association between ICP and neonatal birth weight, we conducted this meta-analysis to summarize all available evidence.

Methods {#s4}
=======

Search Strategy and Selection Criteria {#s4a}
--------------------------------------

Relevant literature published before April 30^th^, 2017 was identified by searching PubMed and Web of Science databases. The search strategy was based on the following keywords: "cholestasis", "intrahepatic cholestasis", "pregnancy", "pregnant", "birth weight", "birthweight", "fetal growth restriction" and "intrauterine growth restriction". Only publications in English or Chinese were included. Relevant eligible literatures were also scanned through cross-references of identification in the reference lists within both original and review articles. In situations where key information relevant to the meta-analysis was missing, the authors were contacted to supply additional data. We employed EndNote for managing bibliographies and references. An essential feature of EndNote is that it allowed us to identify duplicates of studies found through different, overlapping databases. Studies were included in the analysis if the sample included: a) patients diagnosed with ICP; and b) birth weight measurements and if birth weight was measured as a continuous variable. If more than one study was identified for the same population, the more recent study or the one providing more information was selected. Studies were excluded if they were reported as case series, letters, review articles or editorials, and did not meet the above criteria. All analyses were based on previous published studies, thus no ethical approval and patient consent are required.

Data Extraction {#s4b}
---------------

After initial evaluation, two reviewers (L.L. and C.Y.H.) independently and carefully evaluated the articles and performed the data extraction according to the selection criteria. The following variables in each study were extracted: first author, year of publication, study country, age, gestational age at delivery, number of pregnancies (ICP and control; early-onset ICP and late-onset ICP), definition of ICP. When discrepancies existed, the case was discussed with another reviewer (Y.Y.Y.) until a consensus was reached.

Quality Assessment {#s4c}
------------------

The methodological quality of each study was independently assessed by two reviewers (L.L. and C.Y.H.) using the Newcastle-Ottawa quality assessment scale ([@ref13]). Ten questions were assessed and each satisfactory answer received one point, resulting in a maximum score of nine. When publications had scores of ≥6, they were graded as high-quality. When there was a disagreement, it was solved by consensus of the whole team.

Statistical Analysis {#s4d}
--------------------

All statistical analyses were carried out with the Stata 12.0 program (Stata-Corp, College Station, TX USA). Weighted mean difference (WMD) can be used as a summary statistic in meta-analysis when outcome measurements in all studies are made on the same scale. So using the Mantel-Haenszel random-effects or fixed-effects model, outcomes were summarized through WMD and 95% confidence intervals (CI). Statistical heterogeneity was measured using the chi-square test on Q statistic, which was quantified by I-squared values, assuming that I-squared values of 25, 50 and 75% were nominally assigned as low, moderate and high estimates, respectively ([@ref14]). P\<0.10 or I-squared \>50% indicates that heterogeneity existed among the studies, so a random-effects model (Mantel-Haenszel method) should be used. In order to assess the impact on the results of a single study, we conducted a sensitivity analysis of each study by excluding each study one by one and recalculating the combined estimates on remaining studies. Potential publication bias was tested using the funnel plot and the method of Egger's regression and Begg's test. P≤0.05 indicated the presence of statistically significant findings.

Results {#s5}
=======

The initial literature search revealed 365 relevant articles on the association of ICP and neonatal birth weight. After the careful screening process, 108 studies were excluded as they were duplicates. Two hundred twenty-nine studies were rejected because 188 of these reports were irrelevant to our topic, 20 were review articles and 21 were case reports. The remaining 28 relevant studies were selected for detailed evaluation. Of these, 20 publications did not meet the inclusion criteria and were excluded. Finally, a total of eight studies ([@ref10],[@ref11],[@ref12],[@ref15],[@ref16],[@ref17],[@ref18],[@ref19]) were included in our meta-analysis. [Figure 1](#f1){ref-type="fig"} outlines the literature review and study selection process. The characteristic of each article included in this meta-analysis is shown in [Table 1](#t1){ref-type="table"}. Two of these studies were performed in Turkey ([@ref11],[@ref16]), two in China ([@ref12],[@ref19]), one in Finland ([@ref18]), one in the United Kingdom ([@ref10]), one in USA ([@ref15]) and one in Poland ([@ref17]). Six of the studies ([@ref10],[@ref12],[@ref15],[@ref16],[@ref17],[@ref18]) were conducted to explore the effect of ICP on birth weight (control vs ICP), and two studies ([@ref11],[@ref19]) were conducted to compare early-onset (\<32 weeks gestation) and late-onset (≥32 weeks gestation) ICP pregnancies. The quality of study was assessed by Newcastle-Ottawa quality assessment scale. The quality scores ranged from six to eight and showed that the studies were of acceptable quality.

Meta-Analysis Results {#s5a}
---------------------

A total of six studies reported data on neonatal birth weight in ICP and control pregnancies. Pooled data from all the six studies showed that the birth weight in the ICP group was significantly lighter than those in the control group. The overall pooled WMD was -175 g (95% CI: -301, -48). The I-squared statistic (I-squared=50.5%, p=0.072) indicated moderate heterogeneity ([Figure 2](#f2){ref-type="fig"}). Two studies reported data on neonatal birth weight in early-onset (\<32 weeks) and late-onset (≥32 weeks) ICP pregnancies. Combined data from these two studies indicated a significant difference between the groups ([Figure 3](#f3){ref-type="fig"}). The birth weight in the late-onset ICP group was heavier than that in the early-onset ICP group (WMD: 267 g, 95% CI: 168, 366). There was low heterogeneity (I-squared=0.0%, p=0.495).

Sensitivity Analysis {#s5b}
--------------------

To confirm the stability and reliability of the meta-analysis, sensitivity analysis was performed by repeating the calculation of pooled WMD (95% CI) when any single study was deleted. [Figure 4](#f4){ref-type="fig"} showed that the corresponding pooled WMD (95% CI) ranged from -215 (-355, -75) g to -135 (-255, -15) g and was not substantially altered. The confidence limits of the overall estimate are -301 and -48 and -361 and -11 are the most extreme confidence limits of the estimates, calculated when any one study was omitted. The statistically similar results indicated that no single study had any influence on the stability of the overall WMD estimate in this meta-analysis.

Publication Bias {#s5c}
----------------

The graphical funnel plots appeared to be symmetrical ([Figure 5](#f5){ref-type="fig"}), and the Begg's test (z=1.13, p=0.260) and Egger's test (t=-1.93, p=0.126) indicated there was no strong evidence for publication bias.

Discussion {#s6}
==========

This systematic review and meta-analysis was conducted to assess the effect of ICP on neonatal birth weight. The data showed that birth weight in the ICP group was significantly lighter than that in the control group (WMD: -175g, 95% CI: -301, -48). In addition, birth weight was significantly higher in late-onset compared with early-onset ICP cases. Although ICP is a relatively nonthreatening condition to mothers, there are serious risks for the fetus. It is linked with a higher risk of fetal death, meconium staining of amniotic fluid, fetal distress and preterm delivery ([@ref20],[@ref21],[@ref22]). Fetal growth *in utero* is a complex process and involves interactions between mother, fetus and placenta. Maternal and fetal endocrine status, genetic predisposition and available substrates have an impact on fetal growth and also determine birth weight (23). Several studies have demonstrated that ICP has an influence on fetal growth. However, there was a wide variation in the results reported in the conducted studies ([@ref10],[@ref12],[@ref17],[@ref24],[@ref25]). In a study from Poland investigating 73 pregnant women, it was reported that the babies of ICP mothers had a lower birth weight ([@ref17]). These findings are consistent with a study from China ([@ref12]). In contrast, a retrospective case-control study reported increasing customized, singleton, birth-weight centiles with advancing gestational age in cholestatic pregnancies ([@ref24]). In another study, the incidence of LGA infants of ICP mothers was higher, compared with the incidence of SGA infants ([@ref25]). Some studies have also focused on the association between ICP cases of different gestational onset time and birth weight. In a retrospective analysis ([@ref26]), it was reported that early-onset ICP is associated with a higher frequency of adverse fetal outcomes than late-onset ICP, especially in severe disease. In this systematic review and meta-analysis, neonatal birth weights were found to be lower in early-onset ICP than late-onset ICP, a finding which indicates that early-onset ICP has greater influence on birth weight. In our meta-analysis, there is no potential risk of publication bias. When we excluded one study per iteration, the range of variation of the overall result is also smaller, which suggests that no one study can significantly alter the findings. Furthermore, the overall quality was acceptable in all of the studies included. However, there are still some limitations. Firstly, some included studies were conducted using medical databases, raising the possibility of coding inaccuracy. Secondly, a heterogeneity between studies was observed in the study. In addition, the results relied on aggregated published data. In the future, large-scale prospective studies will possibly provide a more accurate association between ICP and birth weight.

Study Limitations {#s6a}
-----------------

There are still some limitations. First, some included studies were conducted using medical databases, raising the possibility of coding inaccuracy. Second, a heterogeneity between studies was observed in the study. In addition, the results relied on aggregated published data. In in the future, large-scale prospective studies will possibly provide a more accurate association between ICP and birth weight.

Conclusion {#s7}
==========

In summary, this meta-analysis demonstrated that neonatal birth weight is lower in ICP pregnancies than in normal pregnancies. Furthermore, early-onset ICP is associated with a lower birth weight than late-onset ICP.
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###### Characteristics of the studies included in the meta-analysis
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